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ABSTRACT

We discuss an extended feature in the Perseus molecular cloud complex, most prominent in the IRAS database
as an almost complete ring of radius 0.75°, but also clearly seen in optical surveys and in radio continuum emis-
sion. While earlier identified as a SNR, we argue that the feature is probably an H II region, based on new
interferometric radio continuum data at 408 MHz and 1420 MHz, diffuse Ha emission and the identification of
HD 278942 as an 09.5-BOV star located at the geometric center of the IRAS ring. The spectral index of the radio
continuum emission is consistent with an optically thin H II region. However, an origin of the radio continuum
emission, at least partially, as due to synchrotron emission from the interaction region between the stellar wind and
the remaining molecular cloud, can not be ruled out. We present visual photometry, spectroscopy and polarimetry
of the star HD 278942 (=AG +31°346) which we believe to be the source of the excitation for the H II region
and the stellar wind. While coincident with an IRAS point source, no compact radio continuum source is seen at
the location of the star. Null results for CO (J=1-0) emission different from the ambient cloud, are reported. The
possibility that HD 278942 is a main sequence star with a circumstellar disk is suggested.

Subject headings: ISM: individual (Perseus, G159.6-18.5), stars: formation, H I regions

1. INTRODUCTION

An almost complete ring of enhanced emission can be seen
.in the IRAS 100um data towards the Perseus molecular cloud
complex (figure 1). This was first described by Pauls &
Schwartz (1989) and further discussed by Fiedler et al.(1994).
These authors argue based on radio data that the feature is due
to a supernova remnant (SNR), which would in such a case have
the highest known galactic latitude. Recently, de Zeeuw et al
(1999) have associated the [RAS ring with the star HD 278942
(=AG+31°346=HIP 17113). Here we expand on this identifica-
tion and analyze several new data sets, bearing on the star-cloud
interaction.

The Perseus molecular cloud complex, at a distance of 260pc
(Cernis , 1993), has a mass of about 1.3x10* M based on
an assumed distance of 260pc (Cernicharo, Bachiller & Du-
vert, 1985 ). A generally ordered magnetic field permeates the
cloud complex, running along the major axis of the complex, as
can be deduced from optical polarimetry of background stars
(Goodman et al., 1990; Wannier & Andersson, 1996). Good-
man et al. (1989) used Zeeman splitting measurements in the
OH lambda-doublet transitions at 1665 and 1667 MHz to de-
rive a line of sight component of the magnetic field of -27t4
4#G. Since the cloud geometry and optical polarimetry indicate
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that the magnetic field is probably oriented close to the plane
of the sky, the true magnetic field strength is likely significantly
in excess of this value. Star formation is taking place in several
parts of the complex, most obviously around the two reflec-
tion nebulae IC 348 and NGC 1333. However, Ladd, Lada &
Meyers (1992) surveyed the entire complex for 2um sources
and found pre-main sequence sources throughout the cloud.
The regions of intense star formation, IC 348 and NGC 1333,
have been respectively observed at near infrared wavelengths
by Lada & Lada (1995) and Aspin, Sandell & Russell (1994),
and at X-ray wavelengths by Preibisch, Zinnecker & Harbig
(1996) and Preibisch. (1997), respectively. A large number of
pre- and main sequence stars have been detected by these sur-
veys. However, relatively few high-mass stars have been found
in these young clusters. The interaction of newly formed stars
with the parent cloud, particularly in the case of massive stars,
can have significant consequences for the subsequent develop-
ment of the cloud. Hot, massive stars cause cloud disruption
both through their ionizing flux as well as the momentum in
their stellar winds. On the other hand, given the right condi-
tions in the cloud., their stellar winds can also cause collapse of
cloud cores and induce further star formation (Foster & Boss,
1996). Hence, the development of an embedded O/B star is an
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important chapter in the star formation history of the Perseus
complex.

2. OBSERVATIONS AND DATA REDUCTION

The present paper is based on a range of observations includ-
ing radio, mm-wave, infrared and optical. Most of the obser-
vations are presented elsewhere so we discuss, in detail, only
those not covered in other papers. We have also made use of
data in the public domain such as POSS-II, and star count data
by Cernicharo & Bachiller (1984).

2.1. Radio Observations

The radio continuum observations were acquired with the
synthesis telescope (ST) at the Dominion Radio Astrophysical
Observatory® (DRAO), Penticton, Canada, during 1994 January
and March. The observing and data reduction are discussed in
detail by Wannier et al. (2000), with the differences that single-
dish low-order spacing data (i.e. baselines <12m) were not
added to the continuum maps, and that the continuum maps
were cleaned and self-calibrated before being combined into a
mosaic. For the present purpose we note that the ST samples
almost the entire «-v plane (from 12m to 600m) and hence is
sensitive to small spatial scales down to the resolution of the ar-
ray (~ 6.5 x 3.3’ for the 408 MHz map and ~ 3.75' x 2/ for the
1420 MHz map with the position angle of the major axis ori-
ented north-south). However, due to the missing short spacings,
the flux from diffuse emission could potentially be under esti-
mated. The data have (1o) sensitivity limits of 3.3 mJy/beam
(408 MHz) and 0.23 mJy/beam (1420 MHz) at the map center.

2.2. mm-wave Observations

Observations of 'CO (J=2-1) and *CO (J=1-0) were ac-
quired with the NRAO’ 12m telescope on Kitt Peak, Arizona
during, 1996 December 6-11. Dual polarization SIS receivers
yielded system temgeratures on the sky of about 250K for 13CO
1-0, and 750K for %CO 2-1. A hybrid autocorrelator spectrom-
eter was used with a maximum spectral resolution of 48kHz.
The data were taken in frequency switching mode, switching
by +2 MHz to +4 MHz. We mapped a 1.8’ x 1.8’ region in
12CO (2-1) plus a 2.9’ x 2.9’ region in '3CO (1-0) centered on
the location of HD 278942, as well as two cuts across the inten-
sity enhancement in the north and west limbs of the IRAS ring.
After folding the frequency switched spectra and averaging the
two polarizations, the typical ogys per channel was 0.4K and
0.1K for '*CO (2-1) and '*CO (1-0) respectively.

2.3. 850um Continuum Observation

Sub-mm wave photometry was acquired at the James Clark
Maxwell Telescope® on Mauna Kea, Hawaii on 1997, August
22. We used the SCUBA array in photometry mode, follow-
ing a standard observing procedure in which the source is av-
eraged over an area somewhat larger than the primary beam,
by jiggling in a 9 point pattern, while simultaneously chopping
the secondary mirror (Ivison et al., 1998). At 850 um has a
beamwidth of 14.5" and for these observations a chop throw of

60" was used. We did not detect any point source associated
with HD 278942. After a total integration time of 48 minutes a
3 upper limit of 7.3mJy was achieved

2.4 IRAS Data

IRAS data were extracted tn the "FRESCO" mode from the
[RAS data base at [PAC®. This calibrated data product are co-
added and de-striped and represent the full resolution data,
without any resolution enhancement techniques or smoothing.
We used the algorithms of Kuiper et al. (1987) to derive dust
temperatures and optical depths based on the 60xm and 100um
bands. Since the 60um-to-100um flux ratio is between 0.3 and
0.9 we use the approximations T> and N, (see Kuiper et al.) as
temperature and column density measures with the modifica-
tion that we use the more direct measure of dust opacity rather
than assuming a gas-to-dust ratio and quoting column density
of gas.

2.5. Visual Wavelength Observations

Photometry of HD 278942 was acquired at the Table Moun-
tain Observatory during the night of 1995, November 28 using
the 24" telescope and a Thompson 512x512 CCD, with a pixel
size of 0.5" on the sky. The B and V filters of the Johnson sys-
temn were used. Due to the low blue sensitivity of the CCD, the
U filter was not observed. Several (8) HR catalogue stars were
used as standards, taking care to cover a variety of intrinsic col-
ors as well as different air masses throughout the night. The
data were reduced using the IRAF PHOTCAL package, after
the standard CCD corrections (bias, dark & flatfield) had been
performed. Although the night was of only marginal photomet-
ric quality with average seeing of = 3”, the reduction, including
sky correction, converged and produced satisfactory results.

Polarimetry measurements of HD 278942 were acquired
with the photopolarimeter (Breger, 1979) on the 82" (2.1m)
telescope at McDonald observatory, during the nights of 1994,
October 2-5. For HD 278942 measurements were made in the
BVR and I filters of the extended Johnson system using a sin-
gle aperture of 14.73". The details of the observing and data
reduction are discussed in Andersson & Wannier (1996).

Echelle spectra of HD 278942 were acquired at the 107"
(2.7m) telescope of McDonald observatory during the night of
1996, December 19, using the coudé spectrograph (Tull et al.,
1995) and a Tektronix 2048x2048 CCD. The spectra covered
wavelengths between 3820Aand 107504, with continuous cov-
erage of the region 3850-5000A. Wavelength calibration was
achieved by observing a Th-Ar hollow cathode lamp at sev-
eral times during the observations. The spectral resolution was
measured to be R = 50,000. Data reduction was performed
with standard IRAF procedures and the Echelle orders extracted
into 1-dimensional spectra. After normalization, the individual
orders were combined to form a continuous one-dimensional
spectrum, which was used for the stellar spectral classification.
For detailed analysis, such as the C, measurements, smaller
pieces of the spectrum were extracted.
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3. RESULTS
3.1, Radio Continuum Maps

At both 408 MHz and 1420 MHz faint extended emission is
seen inside the [RAS ring (figure 2). As always. a large number
of radio continuum sources can also be seen in the maps. In
tables | and 2 we list the brightest sources within a few degrees
of the star. For 408 MHz, sources with integrated intensities
brighter than 0.3Jy are listed. while for 1420 MHz we chose
a cutoff of 30 mJy. We provide these tables here as they may
be useful as source lists for absorption line studies of the cloud
complex. A weak 2lcm continuum source (9.7+0.6 mJy} is lo-
cated 2.4° from the optical position of HD 278942. Given that
the offsets between radio and optical coordinates are usually
significantly smaller than this (e.g. Riley, 1989), and given the
large number of radio continuum sources in the field, we do not
feel that this source can be reliably associated with the star. The
extended emission, however, is associated with the IRAS ring,
as can be seen from figure 2 where, for clarity, we have overlaid
the outline of the 100um ring as the dashed white curve.

We used a point source subtracted map to derive the inten-
sities for this emission, excluding a small region around the
brightest 408 MHz source (# 1), due to the imperfect subtrac-
tion of this source. An irregular polygon was constructed in
the images inside of which the flux was integrated. We find
integrated fluxes of 2.0 Jy for the 408 MHz band and 14 Jy
for the 1420 MHz band, with integration uncertainties of about
0.1 Jy in either band. Because no short spacings were in-
cluded in the map synthesis the uncertainties for these num-
bers are highly asymmetrical. We can estimate the amount of
flux missing due to the incomplete sampling of the (u,v)-plane
based on interferometry theory (e.g. Folamont, 1989). If we
assume a uniform source of 30°x30’ extent, we find that for
1420 MHz, up to about 3/4 of the total flux may be missing
while for 408 MHz, only up to about 1/4 of the flux should
be missing. This then yields flux estimates of F(408 MHz)=
2.0138 Jy and F(1420 MHz)= 1.4*§3 Jy which in turn yields a
spectral index (F(vjx v®) of a = -0.3*)3. This value is con-
sistent with that for an optically thin H II region (a = 0), albeit
with large uncertainties. We suspect that, whereas we are in-
fluenced by missing short spacings, earlier studies (e.g. Fiedler
et al., 1994) which have shown more positive spectral indices,
may have been misled by the inability to resolve the diffuse
source from one or more of the discreet sources. In particular
our source #1 (=3C92), with integrated fluxes at 408 MHz and
1420 MHz of 4.5 Jy and 1.4 Jy respectively, and a spectral in-
dex of -0.93 could be a problem. We note, however, that Pauls
(1999) using VLA (327 MHz) and Effelsberg (2700 MHz) data
find a spectral index of a = -0.9. Although his two radio data
sets were not taken at the same frequency and hence no short
spacing data were included in his VLA analysis, the possibil-
ity that the diffuse source is of a non-thermal nature can not be
ruled out.

3.2. CO Muaps

The CO maps are dominated by the ditfuse CO emission
from the Perseus molecular cloud. Although some spatial vari-
ation occurs near HD 278942, none can be clearly attributed to

the star or to possible circumstellar material (figure 3). Specifi-
cally, the spectra directly towards the star do not show any line
wings at a level of 0.5K in the '*CO (J=2-1) data and 0.1K
in the 3CO (J=1-0) data. Also the cuts across the [RAS ring
are dominated by ambient material and show no discernible en-
hancement at the tocation of the ring.

3.3. The iRAS ring

In figure 4 we show maps of Ty, and 74,5 tor the area of the
IRAS ring. As can be seen there is a depression in the opacity
of dust towards and to the NW of HD 278942, The observed
IRAS ring shows up as an increase in dust optical depth. The
temperature map shows that the ring is at a temperature mini-
mum of ~24K and the dust towards the immediate surrounding
of the star is at higher temperatures.

The IRAS point source catalog (PSC) shows a weak source
at the center of the extended structure coinciding with the star.
We have re-derived the photometry towards the central, com-
pact source, based on the FRESCO data, by "on-chip" photom-
etry. Because the shape and size of the compact source vary
rather dramatically from 12um to 100um we used only a sin-
gle aperture in IRAF-APPHOT with a radius of 2.25° and an
annulus between 3.75” and 5’ for the background subtraction.
We chose this aperture as it closely matches the beam size of
the 100pm channel. In table 3 we list our derived fluxes for
the compact source as well as those from the PSC. We note
that although the derived IRAS fluxes depend on the size of the
aperture, the colors are close to constant for apertures at least
as large as r=5.75". The uncertainties quoted in table 3 for the
four IRAS bands have been increased over the formal errors in
the photometry. In order to account for the high and varying
background we multiplied the formal (Poisson) errors by the
ratio of the average, background subtracted, pixel value inside
the aperture and the average pixel value in the sky annulus. In
figure 5 we show a black body fit to the data points. As can
be seen, the data can be well described by a Planck function of
T=65+2K.

3.4. Diffuse Visible Light Image and Star Counts

In figure 6 we show an 1.5 x 1.5° image extracted from the
POSS-II, using the digital sky survey (DSS) archive at STScI!?.
Contours for the dust opacity have been overlaid to show the
relative location of the features. The optical figure consists of
a mosaic of 9 subfields from the DSS, a few of which were
scaled by up to 15% to avoid high contrast steps between the
sub-fields. The strong brightness enhancement in the eastern
end of the image is due to the open cluster and reflection nebula
IC 348. As can be seen, an irregular region of diffuse emission
exists around, and to the NW of HD 278942 (upon which the
image is centered) together with several patches of higher opac-
ity material. Comparing to the [RAS data we see that the diffuse
emission coincides with the area of lower dust opacity. Sev-
eral of the features in the diffuse image can be correlated with
the star counts of Cernicharo & Bachiller (1984). Most promi-
nently, the dark fane running diagonally from directly north of
HD 278942 and to the SE. and then due eastward, shows up
as a region of enhanced visual extinction in the star count data.
However, neither the location of the star nor the IRAS ring show

0The Digitized Sky Surveys were produced at the Space Telescope Science [nstitute under U.S. Government grant NAG W-2166. The images of these surveys
are based un phutographic data obtained using the Oschin Schmidt Telescope on Palomar Mountain and the UK Schmidt Telescope. The plates were processed into
the present compressed digital form with the permission of these institutions. The Second Palomar Observatory Sky Survey (POSS-11) was made by the California
Institute of Technology with funds from the National Science Foundation, the National Geographic Society. the Sloan Foundation, the Samuel Oschin Foundation,

and the Eastman Kodak Corporation.
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any increase in extinction in the star count data. A decrease is
seen in the region of low 100um opacity. The star counts in the
immediate vicinity of HD 278942 yield a visual extinction of
only about 2.5mag.

3.5. The Star HD 278942

We have pertormed spectroscopy, photometry and polarime-
try of the star HD 278942 (=AG +31°346 = BD + 31°629). Our
results are summarized in table 4.

3.5.1. Visual Spectroscopy

The visual wavelength spectroscopic data allows a spectral
classification to be made as well as several interstellar species
to be measured (figure 7). In table S we have listed the equiv-
alent widths of some of the lines most sensitive to variations in
spectral class of late O stars and early B stars. As can be seen,
a spectral class between O9 and BO is most consistent with the
measurements. The non-detection of He II would indicate that
BO is the more appropriate classification.

Based on the equivalent width of the H~v line (Millward &
Walker, 1985), Wy, =2.5+0.1, we find an absolute mag-
nitude of My = -4.9+0.1. This is somewhat bright for a
main sequence BO star, which more typically have My =~ —4.0
(Schmidt-Kaler, 1982). However, preliminary analysis using
line synthesis techniques (Fullerton, 1999) shows significant
discrepancies between the observed Ha and HZ lines, and mod-
els of B giant atmospheres, indicating a higher surface gravity
than for giants. We hence assign a preliminary spectral class
of 09.5-B0V, while noting the above inconsistencies. We defer
detailed modeling of the stellar spectrum to a later paper.

If we use the derived luminosity and surface gravity to in-
dicate the earlier spectral class of 09.5V, we may use the stel-
lar evolution tracks from Shaller et al., (1992) to derive a stel-
lar age. Assuming a solar metallicity we find an age of about
8 Myrs. This estimate is similar to the estimated age of the
PerOB2 association (Giménez & Clausen, 1994), while some-
what older than the estimated age of the nearby open cluster IC
348 (Herbig, 1998).

Based on the Si I triplet at AX4552.6,4567.8 & 4574.8A
we find a LSR velocity for the star of visg =28+ 1 km 571,
which may be compared to the interstellar absorption veloci-
ties of vy sz = 8 km 57! for CH(\4300) and C,(Q(2);A8761) and
visg = 6 km 57! for Ca II and Na I. The mm-wave CO emission
in the direction of the star is centered at about 7 km s~!. Fi-
nally, using the FWHM of He I lines at Ad026A & A4388A (the
line at 4471A was excluded due to severe blending) and their
relation to rotational velocity (Gray, 1992) we find v sin i =
125+ 20 km 571

3.5.2. Photometry

From the photometric measurements we find a V magnitude
of 8.83 +0.0! and a B magnitude of 10.27 +£0.01. For compar-
ison Cernis (1993) found V =9.10 £ 0.012. If we use the rela-
tion between colors in the Vilnius system and (B-V) (StraiZys,
1992)

B-V =-033+0.50{(X-V)+(Y-V)} )]

we find that Cernis’ results corresponds to B = 10.44. Cernis
(1997) reports having detected no variability for the star in his
set of 4 separate measurements between 1985 and 1991. We
note that our application of equ. (1) is in a range outside of the
stated validity range of B-V<0.8. The derived spectral class

yields an intrinsic color of (B- V)= -0.30+0.01 (Straiys, 1992)
and hence a color excess of Eg_y = 1.75.

3.6. Interstellar polarization and absorption towards HD
278942

Several intersteliar atomic and molecular lines were detected
in the spectrum of HD 278942, including those of Na [, Ca II,
CH and CH*. Here we will concentrate solely on the measure-
ments of the C; Phillips band at AA8757 — 87824, since these
lines allow us to derive an estimate of the kinetic temperature
of the intervening gas. In figure 8 we show the C; spectrum
against the background of the Paschen : line of the star. In table
6 we list the measurements and dertved values for the C, obser-
vations, assuming a b-value of 1.0 km s™!. In those cases where
two C; lines are blended, e.g. R(4) and R(8), we performed
constrained fits of the spectrum, imposing the measured wave-
length separation of the lines and a common line width.

The excitation in the electronic ground state of C; is influ-
enced by the strength of the infrared radiation field, through
the fluorescence between the X!S* and the A!Tl, states (van
Dishoeck & Black, 1982). Therefore, the detailed interpreta-
tion of the level populations of the rotational ladder is somewhat
model dependent through the factor no/I;g, where n is the den-
sity of collision partners, ¢ is the collision cross section and Ijz
is the local infrared radiation field (see van Dishoeck & Black
(1982) for details). However, we can form two estimates of
the kinetic temperature in the gas. The simplest consists of the
direct excitation temperature between the J=2 and J=0 levels,
for which we derive an excitation temperature of 261+5K. A
more complete analysis (c.f. Federman et al., 1994) yields a
best fit for all the measured level populations of T=20+10K
and no/L;g = (7 £2) x10714. For a cross section of 2x1071¢ (van
Dishoeck and Black, 1982) this corresponds to n/I;z=350 cm™.
Given that the infrared radiation field of the region is likely to
be higher than normal, n=350 cm™ must be viewed as a lower
limit to the actual space density of the C; bearing gas.

3.6.1. Polarimetry

The polarization measurements show a polarization curve
that increases monotonically from B to [ band (figure 9), while
flattening off towards the infrared. The angle of polarization
stays constant to within the measurement uncertainties. The R-
band polarization of 5.9 £0.03%, at an angle of 154.0+0.2°
(E of N) is consistent, both in magnitude and in direction, with
the most highly polarized sources in the Perseus complex, as
measured by Goodman et al. (1990), as well as the (red) polar-
ization of BD+31°643 (Andersson & Wannier, 1997)."

The maximum of the polarization curve has been shown to
be related to R, the ratio of total-to-selective extinction (Whit-
tet and van Breda, 1987). We therefore used the Serkowski
relation (e.g. Whittet, 1992) to find the wavelength of max-
imum polarization. The formally best solution yields Amax =
0.76 £ 0.01um. The uncertainty in this value is only from the
formal fitting uncertainty. The true values of both Xpe, and
7., are likely to be larger, since we do not have any near in-
frared data and the observed polarization curve does not con-
form well to a standard Serkowski shape. Using the relation-
ship between A, and R from Whittet and van Breda (1987)
we find R=4.3+£0.2.

4. DISCUSSION
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4.1. The Physical Nature of the IRAS Ring and its
Surroundings

d.1.t. The [RAS ring and its origin

We used the maps of the 4 IRAS bands to compare the loca-
tion of the diffuse FIR emission and that of HD 278942. From
IRAS ratio maps we extracted |-dimensional cuts in the four
canonical directions. [n each case, the center of the IRAS ring
fell within 5° of the map center (location of HD 278942). Hence
the geometry of the IRAS ring and the location of the star HD
278942 strongly indicate that the latter is responsible for the
former. The fact that the ring observationally is due to an opac-
ity enhancement and is filled by warm dust indicates that it is
the result of an expanding stellar wind. The identification of
HD 278942 as an 09.5-BOV star at the ring’s geometric cen-
ter supports this conclusion in that stars of this type are known
to have fast stellar winds with mass loss rates of the order of
107" M /yr (Lamers, & Leitherer, 1993; and ref.s therein).

4.1.2. The diffuse emission and its excitation

The flat spectrum of the diffuse radio source suggests that
the emission is due to optically thin thermal radiation. As can
be seen from figure 6 the diffuse Ha emission closely coin-
cides with the low dust-opacity region in the western part of the
IRAS maps and lower surface intensity emission can be seen
to the NW of the brightest part. A comparison with published
large scale CO maps of the region (e.g. Cernicharo & Bachiller,
1986) shows that the star is located close to the 1*CO edge of
the cloud at a place where the local CO gradient is oriented in
a roughly E-to-SE direction. Another interesting comparison
can be made to the maps of H I (21 cm) emission from Wan-
nier et al. (2000). Figure 10 shows a single channel map of
HI(21 cm) emission at v sg=10 km s~! in which we have also
marked the approximate location of HD 278942. This velocity
corresponds to the center velocity of the molecular gas in the
BS region (at the easternmost extent of the Perseus complex),
while it is somewhat redder than the CO veiocity at the location
of B (Ungerechts & Thaddeus, 1987; Wannier et al., 2000).
Immediately to the North-West of the IRAS ring a pincer-like
feature can be seen in the atomic hydrogen emission. These HI
observations suggest that the H II region around HD 278942
has broken through the cloud to the NW and is venting its ion-
ized gas into the low density surroundings. The dark patches
seen in the optical image and the star count data would suggest
that the center of the blister is located somewhat behind the mid
plane of the cloud, a view supported by the kinematics of large
scale H [ observations of the region (Wannier et al., 2000).

The diffuse radio continuum emission is clearly strongest in
the eastern part of the IRAS ring. Given the combined data
sets, we feel that the most natural interpretation of the mea-
sured radio fluxes is that we have somewhat more missing flux
in our higher-frequency 1420 MHz data than in our 408 MHz
data, and that the spectral index is indicative of an optically
thin H II region. The distribution of the diffuse radio emission
can then be understood as the continued interaction of the stel-
lar UV radiation with the remaining parent cloud. However,
our data are also consistent with a spectral energy distribution
rising at longer wavelengths, indicating a possible non-thermal
component (¢.f. Pauls, 1999). We will not explore this second
possibility in detail here, but note in passing that in a strong
stellar wind, some non-thermal emission is possible due to in-
teraction of the wind with the remaining molecular cloud, or
tfrom shocks within the wind (White (1985) ; Bieging, Abbott

& Churchwell, 1989). Whether such a mechanism would be
able to produce the observed radiation is unclear and will re-
quire a more complete analysis of all the available radio data.

4.2. The Star and its Immediate Surroundings

The high color excess of the star indicates heavy obscura-
tion. Using the derived R value of 4.3, a visual extinction of
Ay =7.4 mag. is found. Since Perseus is the only major source
of extinction in the direction (Cernis. 1993). and recognizing
the non-standard shape of the polarization curve from which R
was derived, we may turn the argument around and ask what
value of R is found from the measured colors and assuming
the star to be at the distance of the Perseus complex (260pc;
Cernis, 1993). We note that the Hipparcos datum for the star;
207452 pc (ESA, 1997) is consistent with the photometric dis-
tance. With this distance estimate and My = —4.9 mag., we find

=3.8 (Ay = 6.7). Considering the uncertainty in the fit for
Amax , this is quite good agreement. We may therefore safely
conclude that HD 278942 is indeed located within the Perseus
molecular cloud.

The large scale extinction, as measured by star counts, shows
a significantly lower value towards the star. Even though star
counts can severely under estimate the average extinction in a
patchy region, the existence of a strong compact source in the
shorter IRAS bands at the location of the star would seem to in-
dicate a circumstellar term in the visual extinction besides the
diffuse contributions.

4.2.1. A Possible Circumstellar Disk

A high degree of linear polarization suggests a non-isotropic
geometry for the source (e.g. Bastien & Ménard, 1990). The
recent detection of a dust disk around the BSV star BD+31°643
in IC 348, makes the polarization measurements of HD 278942,
taken together with the IRAS and mm-wave data, extra intrigu-
ing as an indicator of a possible circumstellar disk. In the case
of BD+31°643 aperture polarimetry shows a polarization which
is parallel to the major axis of the projected disk and is perpen-
dicular on the sky to the projected direction of the local mag-
netic field (Andersson & Wannier, 1997). The magnetic field in
the vicinity of HD 278942 seems, based on polarization mea-
surements in the cloud halo (Wannier & Andersson, 1996), to
be similarly directed along the long axis of the cloud complex.
As for BD+31°643, the polarization of HD 278942 is perpen-
dicuiar to this field direction. That our IRAS photometry yields
quite a good fit to a 65K blackbody, indicates the presence of
heated dust around the star. The fact that no circumstellar CO
emission is detected, as well as the significantly lower excita-
tion temperature of C., compared with the dust, in turn indi-
cates the possibility of a circumstellar dust disk, rather than a
gaseous circumstellar envelope. The recent discovery of a cir-
cumstellar disk around the embedded O9 star G339.88-1.26 by
Stecklum et al. (1998), lends added credence to this hypothesis.
Hence, we suggest that the high mass, main sequence star, HD
278942 may have a circumsteilar disk.

5. CONCLUSION

We have shown that the star HD 278942 is a heavily obscured
09.5-BOV star located at the geometric center of the [RAS
ring G159.6-18.5. Based on spectroscopy, photometry and po-
larimetry, we argue that this superposition is not accidental, but
that the star is embedded in the Perseus molecular cloud and
is indeed responsible for the IRAS feature. A faint, flat spec-
trum extended radio source is found at the location of the JRAS

P
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ring as well as diffuse Ha emission at and to the NW of the
star. The extent of the latter coincides with a depression in the
100um opacity and we interpret this as the result of a ruptured
H II biister, i.e. an H II region expanding past the boundary of
the enclosing cloud. An intriguing possibility, suggested by the
direction of the polarization vectors and the IRAS point source
measurements, is that HD 278942 has a circumstellar disk, sim-
ilar to that recently detected around BD +31°643 (Kalas &Je-
witt, 1997; Andersson & Wannier, 1997).

[t is a pleasure to acknowledge the staffs at each of the obser-
vatories used for this study for their skilled and generous sup-
port. We gratefully acknowledge Drs. A.W. Fullerton and S.R.
Federman for helpful discussions and the use of their analysis
routines. The referee, Dr. T. Pauls, provided several helpful
comments and suggestions. This work was, in part, carried out
at the Jet Propulsion Laboratory, California Institute of Tech-
nology, under contract with the National Aeronautics and Space
Administration.
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TABLE 1
408 MHZz SOURCES

Source R.A. + Dec. + Int. Flux Peak Flux Size PA.
(2000) (2000) {oJy] (mly] NofE
5 3k3am7.01° 0140 31°12°059° 277 67751274 (677.8+22.8)
11 3%35m04.52° 0.15% 30°47°209" 24" 421.5+16.2 (375.8 £12.4)
3 3%36m29.91°  0.11° 32°18°24.7" 14" 2126.8 £67.2 (2127.5 £64.9)
4 3M36m59.29°  0.11° 31°44'062" 147 896.4 +28.5 (896.8 £27.4)
16  3%37m43.72° 32°06°23.8" 488.7 (centroid)
16A 3%37"36.20° 0.61° 32°07°445" 97" 184.6 £23.1 (1848 £11.3)
16B  3*37™51.16° 0.65° 32°03°103" 202" 220.7 £25.7 (146.4 £9.5) 6.9'x0.8° 2°
13 3/37m50.49¢  0.17° 31°14'51.1" 35" 3533 £16.0 (3224 £11.5)
7  3M37m51.44°  0.15° 30°55°57.6" 3.0 673.8 1757 (674.0 £23.5)
1 3%40m08.28° 0.11F 32°09°013" 13" 445211392 (4454.2+1354)
6 3%42754.40° 0.13° 30°47°382" 22" 683.4+£25.2 (683.9£22.1)
2 3%3m09.28°  0.11° 31°15°13.1° 13" 2326.8£73.3 (2255.1 +68.7)
9 3h44m00.78* 0.14° 31°38'153" 27" 471.7 +£19.2 (471.8+15.9)
10 3%44710.03° 0.14° 32°29°228" 25" 426.0+18.8 (426.1 +14.3)
12 3*44™16.96° 022* 31°53355" 41" 387.4+35.0 (348.6 £13.7)
8 3M4™32.56¢°  0.13° 32°12°399" 22" 753.5 £27.2 (632.6 £20.3)




HD 278942

TABLE 2
1420 MHZ SOURCES
Source RA. + Dec. + Int. Flux Peak Flux Size PA.
(2000) (2000) (mJy] {mJy} NofE
3 3%37"37.145  0.10° 32°08°016" 11" 82.742.7 778424  05'x02"  174°
2 3%37m49.78¢° 0.100 31°15°13.1" 10" 124.744.0 1247438
6 337™50.76° 0.10° 32°02°089" 1.1 45.6+1.6 456414
7  3h38m04.71° 0.10° 31°36°295" L1" 35.7+£12 35.741.1
9 3h38m33.88° 0.10° 32°22'254" L.1" 339412 33.9+1.1
5 3h9msg04°  0.10° 32°21'049" 11" 49.6+1.6 49.7+1.5
10 3%40m06.48° 0.10° 31°28'240° L.I" 31.541.1 31.5£1.0
1 3%40m08.44° 32° 09’ 00.5" 1429.2 centroid
1A 3h40m08.47° 0.13° 32°08'593" 26" 141684922  1217.1£76.7 09'x0.0°  22°
1B 3%0m07.05° 1.14° 32°09°46.1" 579" 30.3+£97.7 29.8495.9
4  3%41™3130° 0.10° 32°24°'57.7"  LI" 674422 66.7+2.1
8 3"41m41.07° 31°23°07.8" 57.2 centroid
8A 3%41m40.38' 0.39° 31°23°008" 55" 40.746.2 32.1+43  0.7°x05°  57°
8B 3"1m43.14* 050" 31°23'175" 193" 12.746.1 11.8£5.2
8C 3M1m40.29° 1.37° 31°23'524" 119" 42436 42436
11 3*2m03.46° 0.10° 31°27°039" 1.2° 344+14 323+1.1
12 3%3m23.17* 0.1 31°36'404" L.1" 30.3+£1.0 30.3£1.0
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TABLE 3
DERIVED FIR FLUXES FOR THE COMPACT SOURCE.

A IRASPSC FRESCO/ICMT

(pm] Jy] [yl
12 0.46+0.03 1.08+3.2
25 1.68+0.20 13.02+£2.1
60 <9.56 269+1.5

100 <19.25 15.842.9
850 e <0.73
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TABLE 4
DERIVED STELLAR PARAMETERS FOR HD 278942

Spectral Class 09.5-BOV
my 8.83+0.01mag.?

B-V 1.44 £ 0.01mag.

My -4.940.1mag.

Egvy 1.75mag. (Ay =5.5-7.6mag. for R=3.1-4.3)

VLSR 28+ 1 km st

vsini 125 +20 km s}

3Cernis (1993) reports my = 9.10+0.01 & (B-V)= 1.34 based
on Vilnius photometry
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TABLE §
EQUIVALENT WIDTHS FOR HD 278942 AND STANDARDS?

Line HD278942 08 09 BO B2
Ha 2.3+0.2 v .- 38 60
HB 2.54+0.2 e .- 38 60
H~y 24403 22 26 35 5.1

He I(\4471 A) 0.7+0.1 09 10 10 13
He I(\4026 A) 0.940.1 07 09 10 13
He 1(14388 A) 0.6+0.1 04 045 08
He II(A\4541 A) < 0.08 06 04 - ...
Mg II(\4481 A) 0.07+0005 --- .- 01 02
CI(\4267A) 008+001 -~ --- 005 02
SiIV()\4089A) 006+001 03 035 02 O

*From Peterson & Scholz, 1971, Conti (1973), Didelon
(1982) and Jaschek & Jaschek, (1987)

11
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TABLE 6
C3 ANALYSIS

Line Py * w N°¢
LAl mA]  [10Bcm2)

R(0) 8757686 1.0x1073  133+03 22405
N(0) 224058
R(2) 8753949 4.0x10* 150403  6.2+02
Q) 8761.194 50x10% 17.0404 57402
P2) 8766031 10x10™* 39403 59405
N@Q) 59402
R(4) 8751685 333x10% 7.9+03 3.74£0.2
Q4) 8763.751 5.0x10~% 138+05 45402
P4) 8773430 167x10™* 33403 3.0+03
N(4) 3.9*0,6
R(6) 8750.848 3.08x10™* 3.940.2 1.9+0.1
Q) 8767.759 50x107* 79404 2.540.1
P(6) 8782308 1.92x10* 3.4+02 27402
N(6) e e e 23+03
R(8) 8751486 294x10™% 17403 0.9+02
Q8) 8773221 499x10™* 5.6%+05 1.74£0.2
N(8) 1.3+04
R(10) 8753578 2.86x10~% 2.5+03 1.3202
Q(10) 8780.141 4.99x10™* 2.3+03 0.7+0.1
N(lﬂ) [N oo ven 0.8+03
Q(12) 8788559 498x10~% 1.4+04 0.440.1
NQ12) 0.4+0.1
Q(14) 8788.559 4.98x10™* 0.9405 0.3£02
N(14) 0&0_2
Q(16) 8788559 4.97x10™* 1.5+03 0.440.1
N(16) 0.4+0.1

*From van Dishoeck and de Zeeuw (1984)
SFrom Federman et al. (1994)
¢Assuming b=1.0 km s~!
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FIG. |.— A gray scale map of the 100.m emission and a contour map of CO emission in the Perscus molecular provides a "road map” to the [RAS ring feature
discussed in the present paper. The ring is the prominent feature centered at about (3:40, +32). We have noted the main features of the complex, including the main
sub-clouds as well as the two open clusters IC 348 and NGC 1333. The dashed curve illustrate the approximate extent of the 1420 MHz continuum map discussed
in this study.

FIG. 2.~ This mosaic of three ST fields of 1420 MHz continuum emission clearly shows the low level diffuse emission due to the H 11 region responsible for the
{RAS ring. In large number of background radio sources can also be see. Note in particular, source #1 (see table 1) which is located close to the diffuse emission. It
is only after careful subtraction of these point sources that reliable fluxes can be integrated for the H I region.

FI1G. 3.— Grids of 2) 2CO (J=2-1) and b) 2CO (J=1-0) spectra in the area of HD 278942 show no obvious contribution from circumstellar material.

F1G. 4.— The opacity and temperature of the IRAS ring region were derived using the algorithms of Kuiper et al (1987). Each panel is a 2° field centered on HD
278942. The left hand pancl shows the dust opacity while the right hand panels shows dust temperature. In both cases, brighter gray scale corresponds to larger
values. For most of the pixels, the dust opacity varies between 0 and 0.2. The temperature varies between 21 and 31K

FIG. 5.~ The results of the "on chip” aperture photometry of source at the location of HD 278942, using the IRAS FRESCO data together with 850um SCUBA
photometry, was fit to a black body function. The best fit yields a temperature of 65+2K

FIG. 6.— A 1.5 x 1.5° excerpt from the POSS-II, extracted from the digital sky survey (DSS) archive at STScl is shown together with contours for the dust
opacity. The image is centered on HD 278942. Note the presence of several patches of high opacity to the east of the star.

FIG. 7.— We observed HD 278942 with the coudé spectrograph at the 2.8m telescope at McDonald observatory. This Echelle spectrum of HD 278942 yields a
09.5-BOV spectral classification. We have used line ratios of a number of tracers to derive the spectral class and some fundamental stellar parameters, such as radial
velocity and stellar rotation (see table 4) _

F1G. 8.— a) Against the backdrop of the Paschen . line of the star the intersteilar lines from the Philips band of C; can be detected up to Q(16). b) After
normalizing out the stellar line, the C; lines were analyzed to yield a gas temperature of 20 10K and a space density of ny >350 cm™3.

FIG. 9.-— Multiband polarimetry of HD 278942 reveals a non- standard polarization curve, monotonically rising towards the red. The direction of polarization is
found to be constant for all four bands at § = 154°

FIG. 10.— A single channel map of atomic Hydrogen emission from Wannier et al (2000) at vzsz=10 km s~! shows some of the interaction of HD 278942 and its
host cloud. Note, in particular, the pincer-like feature to the north-west of the star (see text)



